Quantum chemical calculations were performed on the pyrimidne and it is derivatives that it use as corrosion inhibitors of iron electrode, using the semi empirical method AM1. The highest occupied molecular orbital energy, lowest unoccupied molecular orbital energy, dipole moment and the total of electronic energies of the molecules is calculated. the assessment of quantum chemical and corrosion inhibition efficiency studies were carried out to investigate whether any clear links exist between the results of quantum chemical calculations and inhibition efficiencies experimental of pyrimidine and it is derivatives by using a linear model encompassing the charge transfer resistance " R t ". Regression equations, with more reliable of correlation coefficients were derived between R t and the molecular calculations. The significant correlations is evident indicated that the variation of the corrosion inhibition with the structure of the inhibitors may be explained in terms of electronic properties.
Introduction
The main strategy to prevent electrochemical corrosion is the metal isolation from corrosive agents in the most effective possible manner (1) . Among the different methods available, the use of inhibitors is one of the most practical methods for corrosion protection (2) (3) (4) (5) (6) . Aqueous solution of acids are among the most corrosive media. The rate at which metals are destroyed in acidic media is very high, especially when soluble corrosion products are formed (7) .
Although, in recent years some techniques such as in-situ interfacial investigations have been applied to the experimental studies of corrosion inhibitors (8) . The study of material corrosion processes and their inhibition by organic inhibitors is a very active field of research (9) . Computational chemistry is the quantitative modeling of chemical phenomena by computer implemented techniques (10) . Chemical calculations that can predict the outcome of molecular interactions and allow us to understand chemical reactivity are important tools in chemical research. The behavior of atoms and molecules is characterized by some parameters that chemists have extracted from their experience and used for predication of chemical reactivity (11) . The electronic structure of the organic inhibitors is the most effective characteristic on the corrosion inhibition efficiency. For proper selection of inhibitors, electrochemical techniques coupled with surface analytical techniques can be used but a need exists for a systematic approach for characterization of the interaction between the organic inhibitor molecule and the metal. It is very important to clarify the interactions between inhibitor molecules and the metal surface in order to search new and efficient corrosion inhibitors (12) . Theoretical approaches provide means of analyzing these interactions and there are many reports related with this area (13) (14) (15) (16) (17) (18) (19) (20) . Recently, it was reported that pyrimidine and it is derivatives had been used as corrosion inhibitors of the iron electrode (21) . There are few papers dealing with the quantum chemical study of the corrosion inhibition of iron. The task of this paper is to study the inhibition mechanism and proposed the linear resistance model by means of a quantum chemical method, based on the electrochemical experiments.
Methods of Calculations
All the calculations were carried out using Restricted Hartree Fock (RHF) level using AM1 " Austin Model 1" semi-empirical SCF-MO method in the computer program package (HyperChem. Professional Release 8.0.3 for windows molecular modeling system, from Hypercube Inc. USA). The calculation were implemented on an Compaq Presario V6430EE Notebook PC, Microprocessor 1.86 GHz Intel Pentium dual core processor T2130 ; (Microprocessor Cache, 1 MB Level 2 cache) with memory 1024 MB. Molecular structure were optimized to a gradient norm of < 0.01 in the vacuo phase. As an optimization procedure, the built-in Polack-Ribiere algorithm was used. In previous work that it completed by H.S.Awad and S. Abedl Gawad (22) 
Results and Discussion
In order to investigate the effect of subsistent on the inhibition mechanism and efficiency, quantum chemical calculations were preformed. Geometric structures and electronic of pyrimidne and series of it is derivatives used as corrosion inhibitors were calculated with AM1 semiempirical method. The studied molecules in this work and experimentally observed the charge transfer resistance R t and percent inhibitors efficiencies (22) are given Table (1, 2), respectively.
Quantum chemical parameters such as the energy of the highest occupied molecular orbital, E HOMO ; the energy of lowest unoccupied molecular orbital, E LUMO dipole moment (µ); electronic energy are calculated and summarized in Table ( 1, 2). The studied molecules in Table ( 1, 2) were divided into two groups according to their behaviors to make systematic studies between structures and the charge transfer resistance(R t) . The first group includes set one : pyrimidine, 2-methyl pyrimidine, 2-hydroxy pyrimidine hydrochloride, 2-mercapto pyrimidine and the second group includes set two : 2,4-diaminopyrimidine, triaminopyrimidine, 2,4 diamino -6-hydroxpyrimidine, 2,4-diamino-6-mercapto pyrimidine, in other words, the first group includes the mono substituted groups. Experimental and calculated values of the charge transfer resistance (R t) are reported in Tables (1-4 Where R square denotes the correlation coefficient, N is the total number of experimental impedance and F denotes the ratio of two mean squares "the sum of square regression divided by the number of degree of freedom is the mean square for regression ", R adjusted R square, denotes the percent of the variance can be predicate from independent variable (22) (23) . The best regression equation for the first group (Table (3 Use the modified model of linear resistance that it is dependent on the calculate the electronic energy (23) of molecule have been elaborated the linear resistance model (LR) that it proposed by Bentiss (15) . The values of R square, R adjusted square and F can be more reliable and asserted as true with a 95% level of confidence (23, 24) " the model is significance " in regression equation 5, 6 . As shown in Figs. (3, 4) if it compared with Figs. (1, 2) that include drawing the relationship between the experimental charge transfer resistance and the calculated charge transfer resistance, the correlation between derivatives was better (R square = 0.7377, R square = 0.9667), respectively. A highly significant correlation coefficients was obtained for the second group have been predicted the high protection efficiency values for this molecules. The established QSAR equation equations (5, 6) shows the sign of HOMO and LUMO coefficient which respectively positive for HOMO and negative for LUMO, indicate the importance of the band gap energy. This means, the corrosion inhibition seems to be supported by the band gap energy effectively. The values of the calculation coefficient respectively for the HOMO and LUMO energies are comparable to those calculated for the mono substituted pyrimidine. However, if we compared the corrosion inhibition efficiency between two groups of molecules the difference may be explained by a weaker influence of dipole moment µ. Moreover, the percent inhibition efficiencies increase in the second group when the molecules have less negative HOMO energies because of the E HOMO often is associated with the electron donating ability of the molecule. This fact proves that d-orbital of metal accepted electrons from the pyrimidine compounds and feedback from between the metal and inhibitor molecules. Forming of feedback bond increases chemical adsorption of pyrimidine molecules on the metal surface and so increase the inhibition efficiencies of these compounds. More generally, the high inhibition efficiency of the molecule can be also be explained by the localized and the distribution of the HOMO and LUMO densities along the molecules. Effectively, Fig.(5) clearly shows that for the second group of pyrimidine compounds, the HOMO and LUMO densities is support by the more the nitrogen atoms " amino group " with oxygen and sulphur atoms in the inhibitor molecules, compounds 5, 6, 7 and 8, respectively. The highest values of the HOMO density were found in the vicinity of the sulphur, clearly indicating the nucleophilic center is sulphur atom " compound 8 ". Thus, the bond with the metal from sulphur will be easily formed rather than nitrogen and oxygen atoms. This indicates that the mercapto containing compound exhibited the best inhibition, followed by that containing the amino group and then that with the hydroxyl group attached to the pyrimidine ring. This concurrent with the inhibition efficiency that it presented in Table ( 2), follows the order (21) , com.8> com. 7 > com6 > com5.
The significant correlation indicated that the variation of the corrosion inhibition with the structure of the inhibitors may be explained in terms of electronic properties. In present work, the corrosion inhibition efficiency can be explained not only in terms of electron orbital analysis but also seems to depend on the geometry of these molecules. The difference in their inhibitive action can be explained on the basis of the number amino group and substituted by the hydroxyl or mercapto groups instead of the amino group in pyrimidine ring which contribute to the chemisorption strength through the donor acceptor bond between the non bonding electron pair and the vacant orbital of the metal surface. Thus, the results so far indicated that introducing a single substituent group into the pyrimidine ring improved it is inhibition effect to a different extent depending on the characteristics of the substituent group and by increasing the number of these groups would continue to increase the effectiveness of pyrimidine inhibitors.
Conclusion
It can be concluded that some of the key quantum chemical parameters computed using AM1 method may will be able to explain the inhibition mechanism of corrosion of iron in acidic solution. These are mainly dipole moment, the energies of the highest occupied, lowest unoccupied and electronic energy. The variation of the corrosion inhibition with the structure of the inhibitors may be explained in terms of electronic properties, this prove that the relationships of correlation is significant. The percent efficiency protection of corrosion for pyrimidine inhibitors may be explain in terms of molecular parameters. Using QSAR approach may establish a direct correlation for the first and second groups of molecules that it studied, between the molecular structure and efficiency protection by using a LR model joining the charge transfer resistance to chemical quantum parameters. Using the model that it include on the electronic energy have been given the statistics parameters is more reliable. 
